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The thermodynamic characteristics of the lower atmosphere of /251"

- Venus cn the_night side in the neighborhood of the morning termi-

nator were determined on October 18, 1967 as a result of direct

measurements by the descent module of Venera-4.

The measurement of the temperature was performed during the

entire period of the experiment of the descent module; measurements

of density and pressure, before off-scale reading of the devices

[i]. A determination of the module's altitude above the surface

of the planet was made at one point. The chemical structure ..was

determined at two levels at the beginning of the smooth landi:ng [2].

The temperature was measured in the ranqe 304-544 ° K and den-

sity in the range 1.4"10 -3 to 1.2"10 -2 g/cm 3. In Figs. 1 and 2

the results of measurements of density and temperature are depicted. :::

The root-mean-square error in the density" determination was

+_0.18.10 -3 g/cm 3 at the beginning; and -+3"10 -3 g/cm 3 at the end of

the measurements, and the error in the temperature measurement was .......

_+4° .

An extrapolation of the density up to the moment correspond-

ing to the last measurement of the t_mpera{ure was condd_ted be- i

cause of the absence of data on density in the final cycle of

operation of th_ descent modul_. The extrapol_ion was geared _::j::

by various methods: according to a "density-time", "entropy- '_

pressure", "density -I/2"temperature-I/2-time" graph; according tc <

a polytrope by means of a matching of _he path traversed obtained -

from the equation of motion of the descent module and from the

hydrostatic equilibrium equation. ',

, N_nbers in the ina_gin ind_Qate pagination in the foreign text. _
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The results of the extrapolation with all the methods conform

quite well with each other and lie within the range 16.9-10 -3 to

17.9.10 -3 g/cm 3 (Fig. 3) for the moment at the end of the measure-

ment of the temperature.

, The distribution of density and temperature obtained permitted

the path traversed to be determined. A barometric formula axld

motion equation was used for this. The path traversed w_s also de-

:" termined from the condition of an adiabatic atmosphere.
!!

An examination of the preliminary results of the upper atmo-

sphere distribution of pressure and temperature showed that in the

range of altitudes from 10 to 25 km a nonmonotonic variation of

density and pressure was observed, calculated according to the equa-

tion of state for temperature and density, assu_4ing that the atmo-

sphere consists of carbon dioxide gas at all altitudes.

" Connected with the fact 'that in the upper atmosphere distribu-

tion of density, obtained in the barometric foznuula using only the

temperature data, analogous behavior was not observed in the fur-

ther calculations, a smoothing variation of density was assumed

(Fig. 3). A discussion of some possible reasons for the increase

in the readings of the densimeter in the region shown was presented
i

in [3].

i
Although the discrepar_c_r of the path traversed, determined by i

the methods explained above, was small, nevertheless the upper

atnlosphere distribution of the the_uodyna/nic properties, and, in

the given case, a conclusion on the stability of the atmosphere,
J

depends on the choice of path traversed.

The analysis of the state of the gas presented according to

.... the measured values of density and temperature, irrespective of i
their upper atmospheric distribution, taking into account the

_ errors in the measu:rements, only permits us to assert that, in the I
i

region considered, the atmosphere of Venus is found in a state
I

approaching adiabatic conditions. In this case it is ent_irely
• '"'1

2
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Figure 1. Temperature. Solid lines show the range of time within
which the measureable value corresponds ,,_[tha fixed level of
temperature.
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Figure 2. M_asurements of density as a function of time (densit.y
given in I0 -_ g/cm3)°
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-- i Figure 3. Density of atmosphere (in 10 -3 g/cm3), i- the curve is

traced along measured points; 2- smoothed curve; 3- a segment of
.... the extrapolation ........

J

• _'- _'MRtlner-b"

_ <:?- :

•%

%

\

I

P, k|f[en_, p, lO'_rW,/,'m3

Figure 4, Temperature, density, pressure, and abundance of the I
lower atmosphere of Venus.
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permissible to accept the upper atmosphere distribution of parame-

ters corresponding with the condition of adiabatic distribution.

In Fig. 4 the upper atmosphere distribution of pressure P,

_-_.. density p, temperature T, and a_"'ndance N of atmosphere is depicted.

These data characterize the ] .J. state of the atmosphere in the

neighborhood of the equator o._ the night side during the measure- /254

ments of October 18, 1967.

In the table of the values corresponding to the value_ of the

parameters of Fig. 4, the values of the thermodynamic parameters

of the atmosphere at relative altitudes are given; the altitude

corresponding to the concl :Lsion of the measurements on the descent

:-. module of Venera-4. is assumed to be "zero".

kGlcm i g/elr_ : hG/cm 2 i_/e_t_

i= - ! "

i %' , I , : ,

i

_ : .2

)--!
._{ •

_. AS a result of the experiment on Venera-4 it was established

:_-_ that i_ by chance tI_e composition of the gas at all altitudes is -!
__ the seine, then the conditions in the lower atmosphere approach

adiabatic_ and it is likely that the state is nonstable. The values

obtained of pressure, density, and te_Ypparature at the conclusion

of the descent were not less than the values 18.4 kG/cm 2, 18.10 "'3

i. cm 3_, q/ , and 544 ° K, _espectively.
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